Summary. Characteristics of the oestrous cycle of grey short-tailed opossums were studied by vaginal smears. The period of oestrus was identified by a sudden proliferation of epithelial cells which lasted about 6 days (range 3\p=n-\12days), followed by a leucocytic infiltration. Oestrous cycle length showed a bimodal distribution of 14\m=.\4 days (5 cycles, range 11\p=n-\17 days) and 32\m=.\3 days (10 cycles, range 28\p=n-\39 days). Females housed with males showed more days of epithelial cell proliferation than did females housed alone, and oestrous periods tended to occur in synchrony, suggesting that social factors may influence the oestrous cycle in this species.
Introduction
The grey short-tailed opossum (Monodelphis domestica) is an American opossum of the Family Didelphidae which includes the common North American opossum (Didelphis virginiana) and the mouse opossum (Marmosa robinsoni) . This is the most ancient marsupial family from which all other New World and Australian marsupials appear to be derived (Clemens, 1968; Keast, 1977) . The common opossum and the mouse opossum have been proposed as marsupial species for use in experimental biology (Barnes, 1968; , but have proved impractical mainly because of breeding difficulties.
We report here on the characteristics of the oestrous cycle in grey short-tailed opossums because (1) there are few reports of the natural biology of this species (McNab, 1978; Streilein, 1982; Christian, 1983) , (2) laboratory breeding has been obtained through 7 generations, indicating the usefulness of this animal for biomedicai research (Fadem, Trupin, VandeBerg, Maliniak & Hayssen 1982; VandeBerg, 1983) , and (3) there is evidence that social factors influence breeding in this opossum, i.e. animals become reproductively inactive if housed alone for extended periods (Maliniak & Taft, 1981) and breeding is stimulated if males in breeding pairs are changed (Fadem adults ranges from 170 to 200 mm with tail length an additional 60-80 mm. The coat colour is greybrown with lighter underparts. Sexual maturity is reached at 4-5 months; reproduction has occurred up to 28 months of age in females and 39 months in males, and breeding occurs throughout the year. Individual females have had up to 4 litters per year (VandeBerg, 1983) . The gestation period is 14-15 days. Most litters contain between 5 and 12 offspring and post-partum dependence is about 50 days (Maliniak & Taft, 1981 ; Fadem et al., 1982; VandeBerg, 1983) . Thirteen females aged 10-24 months were used in the present study.
Maintenance. All animals were housed in one 3-4 61 m room in the animal facility at the New Jersey Medical School, Newark, for a minimum of 4 months before the start of the study. A reversed lighting schedule was used with white fluorescent light for 14 h (21:00-l 1 :00 h)/24 h and temperature was maintained at 24°C. Water and food were available ad libitum. Complete details on the laboratory maintenance of these animals appear elsewhere (Maliniak & Taft, 1981 ; Fadem et al., 1982; VandeBerg, 1983 Identification of oestrus. To identify the vaginal cell changes typical of oestrus in grey short-tailed opossums, the vaginal smear records of 3 females that subsequently gave birth and of 2 females that were observed mating were examined before the start of the present study. In marked contrast to previous smears taken from these 5 animals, smears taken at oestrus contained large numbers of epithelial cells. The three major cell types recognized in these smears were (1) basophilic, nucleated, intermediate cells with an elongated form and folded borders; (2) acidophilic, nucleated and nonnucleated superficial cells with a polygonal outline and (3) leucocytes. Basophilic nucleated and non-nucleated superficial cells and small basophilic parabasal cells were also seen. A proliferation of cells for 3 or more days followed by leucocytic infiltration became the criterion for identification of oestrus for the present study.
The two females that were observed mating did so on the second day of the period of cellular proliferation. Female grey short-tailed opossums have, however, been seen to mate on two consecutive nights, and on one occasion a second copulation occurred 34 h after the first Fig. 1 ). This is likely to be a secretion of the anal glands which are present in didelphids (Jurgelski & Porter, 1974 Fig. 2 ). On Days 3-5 of the period of oestrus, 95% of the cells in the smear were anucleated, granular, acidophilic, superficial cells (PI. 1, Fig. 3 ). On Days 6-8 after the start of the period of oestrus, the smear was characterized by a leucocytic infiltration (PI. 1, Fig. 4 Part of the variability in oestrous cycle length was due to the fact that this measure was bimodally distributed with no overlap between the two groups. In 5 cycles, the mean ± s.d. oestrous cycle length was 14-4 ± 2-8 days and ranged from 11 to 17 days, while in the remaining 10 cycles, the mean oestrous cycle length was 32-3 days ± 3-4 and ranged from 28 to 39 days (Text- fig. 1 Text- fig. 1 . Bimodal distribution of oestrous cycle length in the grey short-tailed opossum (Monodelphis domestica).
The length of the period of oestrus did not differ between long and short cycles. Although there were no significant differences in the duration of the period of oestrus or oestrous cycle length amongst the 3 groups, all of the shorter cycles occurred in Group 3. Although there was also no significant difference in duration of oestrus amongst the groups, females in Group 1 showed significantly fewer 'many-cell' days, both during and between periods of oestrus, than did females living with or exposed to males (Groups 2 and 3) (F = 8-75, df = 1,11 ; < 0-01). In the present study, the occurrence of oestrus tended to be synchronous (P < 0-01) (Text- fig. 2 
Discussion
The vaginal cytological changes seen here in the oestrous cycle of the grey short-tailed opossum, were much like those of other polyoestrous marsupials (Sharman, 1955; Pilton & Sharman, 1962; Jurgelski & Porter, 1974; Godfrey, 1975 ; Peters & Rose, 1979) and of commonly studied eutherians such as the rat (Feder, 1981) . This is not unexpected since the hormonal control of the oestrous cycle is similar in marsupials and eutherians (Sharman, 1970; Sutherland, Evans & Tyndale-Biscoe, 1980 ).
As in other marsupials (Peters & Rose, 1979) , the period of oestrus of the grey short-tailed opossum was long (range 3-12 days) compared with that of the rat (1 day) (Feder, 1981) . In rats, smears are taken directly from the vagina but in this study smears were taken from the posterior vaginal sinus although the most pronounced cornification of the vaginal complex occurs in the lateral vaginae which may be cornified for extended periods during the oestrous cycle. The influx of these cornified cells from the lateral vaginae can mask changes in the cells which line the posterior vaginal sinus resulting in the smears being cornified for an extended period (Peters & Rose, 1979 (Sharman, 1955 ; Pilton & Sharman, 1962 ; Peters & Rose, 1979) . The oestrous cycle of the common North American opossum averages 1 month in length (range 17-38 days) (Hartman, 1923; Jurgelski & Porter, 1974; Fleming & Harder, 1981) . Like the grey shorttailed opossum, the mouse opossum shows an oestrous cycle length with a bimodal distribution : one group of cycles averaging 15-6 days and the other group 26 days in length. In the mouse opossum, the longer cycles are normal ovulatory cycles while the shorter ones represent anovulatory cycles which are not accompanied by behavioural oestrus (Godfrey, 1975) .
External-social factors apparently influenced the oestrous cycles of grey short-tailed opossums in the present study. Not only did females show synchronous exhibition of oestrus, but those living in proximity to males were more likely to show vaginal smears typical of oestrus over the course of the oestrous cycle than those that lived alone. Although synchrony of oestrus per se has not been heretofore reported in a marsupial, Reynolds (1952) (Parkes & Bruce, 1961) provided by males (Whitten, 1956) or by other females (McClintock, 1971 (McClintock, , 1978 . The mechanism for this phenomenon probably involves a trigger of gonadotrophin secretion by olfactory stimulation with subsequent oestradiol release (Bronson & Desjardins, 1969) . Whether the external-social effects seen in this study were due to the presence of males or of other females awaits further study. Whatever the cause of these influences on the oestrous cycle, the finding that social factors affect the reproductive physiology of grey shorttailed opossums is not unexpected because odour cues play an important role in social interaction in this species Fadem & Cole, 1985 
